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Advancing age is accompanied by declining immune potential. Numerous investi- 
gations have pinpointed deficiencies in the activity of B  lymphocytes and several T 
lymphocyte subsets (reviewed in references 1 and 2) in aged animals and humans. In 
contrast,  it  has  been  suggested  that  increased  T  suppressor  cell  activity might  be 
responsible  for  the  depressed  immunity  of  aged  animals,  and  in  fact,  increased 
suppressor cell activity has been reported (3-8), although decreased suppressor activity 
has also been documented  (9,  10). Our previous work (11-13) has demonstrated that 
aged T  cells are unable to produce adequate amounts of the T  cell growth-promoting 
lymphokine, interleukin  2  (IL-2), and it is this deficiency that is largely responsible 
for the lowered immune potential of aged animals.  Supplementation of spleen cells 
from aged animals with IL-2 stimulates the normal, high level of responsiveness in 
such  systems as  the  mixed  lymphocyte reaction  and  the  generation  of cytotoxic T 
cells,  and  largely  restores  the  anti-sheep  erythrocyte  (SRBC)  plaque-forming  cell 
(PFC)  response. These data clearly demonstrate that aged animals possess adequate 
numbers of precursor T  cells of the helper and cytotoxic sets, and that in the presence 
of IL-2 and antigen these cells expand and are functional. In this report we document 
that aged spleen cells are deficient in suppressor cell activity, but this lesion can be 
corrected  by  supplementation  with  IL-2, using  a  suppressor-generation  system  re- 
ported  by  Green  et  al.  (14).  This  system  has  the  significant  advantage  that  the 
suppressors are generated during a  first culture period, then mixed with young adult 
cells to test their activity, thus avoiding possible interactions between young and old 
cells during the induction of the suppressor cells. 
Materials and Methods 
Mice. 
Male C57BI/6Cr mice at 3-6 mo of age were obtained from the Charles River Breeding 
Laboratories, Inc., Wilmington, MA. 
Generation and Assay of Suppressor Cell Activity. 
The protocol utilized was essentially that described by Green et al. (14) in which spleen cells 
are cultured for a period of 3-4 d to generate suppressor cells. These suppressors are co-cultured 
for a brief period (48 h) with T cells of the helper (inducer)  phenotype, and then the function 
of these cells is assayed by co-culture with B cells and antigen. 
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SUPPRESSOR GENERATING CULTURE.  Unfractionated murine spleen cells were cultured at a 
density of 5 X  10~/ml 3-5 d  in complete media consisting of RPMI  1640 supplemented with 
7.5% fetal calf serum, 200 mM glutamine,  100 U/ml penicillin, 100/.tg/ml streptomycin, and 
5 x  10  -5 M  2-mercaptoethano/ (2-ME). To some cultures ]0 U  of IL-2 was added at culture 
initiation. At the conclusion of this period the cells were collected, washed, and treated with 
anti-Ly-l.2 and compliment (C'), then used in the intermediate culture phase. 
GENERATION OF PreMED LY-1 + T  CELLS.  12-16-wk old C57B1/6 mice were immunized with 
one intraperitoneal injection of 0.2 ml of 0.1% SRBC. 4 d later the spleens were removed and 
the T  cells collected by nylon-wool column purification (I5). These T  cells were then treated 
with anti-Ly-2 and C" to deplete them of suppressor ceils and the remaining cells were mixed 
with cells from the suppressor-generation cultures. 
INTERMEDIATE CULTURES.  2.5  ×  I0  ~ Ly-l+2  -  T  helper cells were  cultured  with  various 
numbers of the anti-Ly-1 and C'-depleted T  suppressor cells, as given in Table I, for a period 
of 48 h. The cells were then collected and treated with anti-Ly-2.2 and C' to remove suppressor 
cells. The control cells, Ly-1+2  -  helper T  cells cultured in the absence of suppressor cells, were 
also treated with the antisera and C' to control for nonspecific effects of this treatment. The 
remaining cells were assessed for helper activity. 
AssAY CULTURE.  B cells were prepared by treatment of 12-16-wk old C57B1/6 spleen cells 
with anti-Thy-l.2 and C'. Viable cells were recovered from the interface of Ficoll-Isopaque 
density gradients. 5 X  10  n B cells were cultured with 5 ×  106 SRBC and  1-2.5 ×  l05 T  cells 
from the intermediate cultures. Controls included (a) culturing the B cells alone to assess the 
efficacy of the anti-Thy treatment, and  (b)  to confirm that  no suppressor activity remained 
after treatment of the cells in the intermediate cultures with  anti-Ly-2 and  C', co-culturing 
these cells with B cells and Ly-l* helpers incubated in the absence of Ts during the intermediate 
cultures  and  B  cells. In  no  instance did  this control  indicate residual  suppressor activity 
remaining in the anti-Ly-2-treated populations. Anti-SRBC PFC were enumerated on day 5 by 
the slide modification of the Jerne plaque assay. 
Preparation and Quantitation of IL-Z 
Spleen ceils were cultured at a density of 1 X 108 cells/ml in RPMI 1640 supplemented with 
0.0l M  Hopes, 200 mM glutamine, 100 U/ml penicillin, 100/xg/ml streptomycin, 5 ×  10  -5 M 
2-ME, and 2 ~g/ml concanavalin A. Following a 24-h culture period, cell-free supernatant was 
collected, concentrated by vacuum dialysis, and applied to a 2.5 cm ×  90-cm column of (LKB 
Instruments, Inc., Rockville, MD) AcA54. The column was eluted with sterile saline and 7-ml 
fractions were collected. Each  fraction was tested for IL-2 activity in a  T  cell growth assay 
using CTLL-2 cells. Active fractions were pooled sterile filtered (0.22/t Nalgene Type S Filter 
unit, Nalgene Labs., Rochester, NY) and frozen, until used. IL-2 activity was quantitated as 
described by Farrar etal. (16), using a standard preparation containing an arbitrarily assigned 
value of 100 U/ml. 
Results 
Generation of Suppressor Cell Activity from  Young and Aged Animals.  Spleen ceils from 
young animals, when  cultured 3-5  d, give rise to cells that  are able to suppress the 
activity of antigen-specific helper T  cells, as has been described by several groups (13, 
17-19).  When aged spleen cells are cultured in a  similar fashion, far less suppressor 
activity  is  generated  compared  with  cells  from  young  adults  (Table  I).  Similar 
decreases  in  the  activity of T  ceils of other functional subsets  have  been  described 
(20-23), and our recent results suggest that a  common lesion is the inability of aged 
T  lymphocytes to produce IL-2. Upon  addition of IL-2 to cultures containing aged 
cells,  T  cell-dependent  immune  responses  are  markedly  enhanced  (1I,  12).  To 
determine whether the deficiency in generation of suppressors from aged animals is 
also affected by IL-2, suppressor-generating cultures were set up containing IL-2.  10 
U  of IL-2 were added to cultures containing 5  X  106 spleen cells. Following the 3-4- 
d  generation phase, the cells were collected, and tested as described in Materials and 2186  THOMAN  AND  WEIGLE  BRIEF  DEFINITIVE  REPORT 
TABLE  I 
Generation of Suppressor Cell Activity  from Spleen Cells of Aged and Young Adult Animals 
Cells in intermediate  PFC/10 n ±  SE 
culture*  II.,-2* 
Ly 2 + Ts  Ly l + TH  Experiment  1  Experiment 2  Experiment 3 
--  +  --  1,300 ±  130  920 ±  24  2,400 ±  161 
Aged  +  -  350 ±  70  824 ±  48  1,105 ±  45 
Aged  +  +  80 ±  60  40 ±  10  367 ±  45 
Young  +  -  70 ±  30  21  ±  3  87 ±  13 
Young  +  +  20 ±  15  4  ±  2  87 ±  13 
* 2.5  ×  10  s T  helper cells were cultured  with  1-20  ×  10  s Ly-2  + T  ceils from the suppressor-generating 
cultures.  After 48 h  of co-culture,  cells were harvested and treated  with ot-Ly-2 and C'. Helper activity 
was assayed .as described in the Materials and Methods. 
* 10 U  were added at the initiation of the suppressor-generation  culture period. 
Methods. As shown in Table I, although aged spleen cells are normally deficient in 
the generation of  Ts, upon addition of IL-2 such cells are readily formed. For example, 
Lyt-2  + Ts cells generated from aged animals in the absence of IL-2 decrease the helper 
function  of Lyt-l+  cells  by  54%,  Lyt-2  +  Ts  from  aged  animals  generated  in  the 
presence of IL-2  inhibit  helper  function of Lyt-1  +  cells  85%,  and  Ts  from young 
animals  (generated either in the  presence or absence of IL-2)  suppress 96% of the 
helper activity. Thus, while IL-2 has little or no effect on the number of suppressor 
cells  generated  by  culturing  spleen  cells  from  young  adult  animals,  it  markedly 
increased the number generated from aged spleen cells.  Thus, IL-2 reconstitutes the 
ability to produce Ts. 
Quantitation of Suppressor Cell Activity.  To  quantitate  the  amount  of suppression 
generated in the presence of IL-2 by aged and young adult animals, the Ts-containing 
cells were co-cultured with the Lyt-1  + helper cells in decreasing concentrations. Thus, 
a constant number (2 ×  10  ~) Lyt-1  + cells were cultured with either 1 ×  105, 5 ×  104, 
or  1 X  104  Lyt-2  + Ts cells  in  the  intermediate culture  phase.  The degree of help 
exerted by the Lyt-1  + cells after the intermediate culture was then determined. As 
shown in Fig.  1, when Lyt-1  + helpers are co-cultured with 1 X  105 or 5 X  104 Ts, the 
aged suppressors generated in the presence of IL-2 are just as effective as cells derived 
from young adult animals. At  1 ×  104, the aged Ts are somewhat less effective than 
the young Ts. However, compared with the aged suppressors generated in the absence 
of IL-2, this number of aged Ly-2  + cells cultured in the presence of IL-2 are three 
times more inhibitory. Thus, IL-2-treated aged spleen cells effect 85% suppression 
and IL-2-treated young spleen cells effect 96% suppression. 
Discussion 
These data indicate that spleens of aged animals are less capable of giving rise to 
T  suppressor cells when  cultured  in  vitro.  Further,  this  deficiency can,  to  a  large 
degree, be corrected by adding partially purified lymphokine preparations containing 
IL-2 to such cultures. Thus, the generation of Ts is similar to other T  cell-dependent 
immune functions of aged spleen cells, such as the generation of cytotoxic T  lympho- 
cytes, the  mixed lymphocyte reaction, and  the  anti-SRBC  response, which  are all 
enhanced by addition of IL-2-containing lymphokine preparations (11, 12, 24). 
The active moiety in the lymphokine preparations has not been definitely identified 
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Fzo.  1.  Titration  of suppressor activity from aged and young adult  spleen cells cultured in the 
presence or absence of IL-2. Suppressor cells were generated as described in Materials and Methods. 
These cells were treated with anti-Lyt-1 and C' after a 4-d culture period and admixed with Lyt- 
I*T helper cells. 2.5 ×  10  e helper cells were co-cultured with 1 ×  105, 5 ×  104, or 1 ×  104 Lyt-2  + 
suppressor cells. The helper activitYsremaining after a 48-h intermediate culture was assessed. The 
positive control consisting of 5 ×  10  B cells and 5 ×  106 Lyt  + T helper cells cultured in the absence 
of suppressor cells gave 2,400 ×  10  s PFC/10  ~ B cells. 
other  factors may be important  in the  reconstitution  of these  immune responses by 
aged  animals.  However,  it  is  well  documented  that  T  lymphocytes of the  helper, 
cytotoxic, and  suppressor  functional  subsets  apparently  bear  receptors  for  IL-2, as 
they  may  be  grown  for  long  periods  in  the  presence  of this  lymphokine  (25-28). 
Furthermore, these experiments do not identify the target of the lymphokine(s) within 
the spleen cell population. That is,  the factor may act directly upon the precursor of 
the suppressor cell, or another cell necessary for the generation of the Ts. 
Our results differ from several other reports which conclude that T  cell activity is 
unimpaired  or increased  in  aged  animals  (3-7).  Significant  differences  exist  in  the 
experimental  protocols used  by these  groups and the suppressor system used  in our 
experiments.  Perhaps the most important element  is that in other systems, aged and 
young cells are co-cultured for the entire assay period, possibly allowing lymphokines 
generated  by the young cells  to exert  important  effects on the aged cells.  It is clear 
that in the experimental set-up used in this report, suppressor cells from aged cells are 
deficient  in  their  expansion  during  a  3-5-d  period  in  vitro,  and  that  lymphokine 
preparations  containing  IL-2  restore  this  function.  In  this  respect  our  results  are 
reminiscent of others  (8, 9) that demonstrate that splenocytes from aged animals are 
not as effectively stimulated by concanavalin A  to become suppressor cells as are cells 
from young adult animals. This may also reflect the relative inability of aged cells to 
produce IL-2 and/or other lymphokines upon stimulation with mitogens. These data 
suggest that aged animals possess cells belonging to the suppressor circuit that cannot 
be optionally expressed as a  result of the inability of aged animals to produce IL-2. 
Summary 
Spleen cells derived from aged (30 mo) C57B1/6 mice are shown to be deficient in 
the ability to generate suppressor cell activity in vitro, the addition of IL-2 to cultures 
containing aged cells restores this function to a  large extent. 
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